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Introduction
Obesity is defined as excess body fat, which increases the risk of several metabolic abnormalities. Obesity is one of the most common features of metabolic syndrome and is associated with an increased risk of type 2 diabetes, cardiovascular disease, and some cancers [1] . Although the WHO and many countries define obesity based on body mass index (BMI) and waist circumference (WC), these measures have some limitations [2] [3] [4] . There are some people who are not obese based on the BMI definition of obesity (BMI >30 Kg/m 2 ), have a normal weight, but still have metabolic abnormalities and they have recently been categorized into a subgroup called metabolically obese normal weight individuals (MONW). These people have impaired glucose tolerance and are insulin resistant and prone to type 2 diabetes and cardiovascular disease [5] . Therefore, studies have tended to add body fat percentage factor to BMI and WC and consider all of the above mentioned factors for assessing for the presence of obesity [6, 7] .
Obesity leads to various changes in inflammatory processes that increase reactive oxygen species (ROS) production and cause oxidative stress. Obesity leads to a disruption of the Krebs cycle and the mitochondrial respiratory chain, which causes an impaired mitochondrial function and higher ROS production. Increased ROS production by the respiratory chain leads to oxidative stress, which may intensify inflammatory processes in obesity [8] . Another possible reason for increased inflammation and oxidative stress in obese people is the production of adipocytokines. Body fat adipocytes are the most important source of adipocytokines such as adiponectin that may play an important role in the metabolism of lipids and glucose, inflammation and oxidative stress. Altered adiponectin can also lead to insulin resistance, type 2 diabetes and cardiovascular diseases [9] .
Metabolic syndrome comprises a cluster of abnormalities that include: obesity, insulin resistance, high blood pressure, glucose intolerance, and dyslipidemia (high triglyceride and low HDL) [10] . Obesity and insulin resistance are also common important risks for type 2 diabetes. Studies show that inflammation caused by the loss of insulin protection (insulin resistance) in obese people is one of the main causes of metabolic syndrome and diabetes [11, 12] . Interference of insulin signal pathway transduction with inflammatory mechanisms can be a major reason for obesity to be a pro-inflammatory state. Oxidative stress in accumulated fat is also one of the important mechanisms of obesity in the progression of metabolic syndrome [13, 14] . In the diabetes mellitus, oxidative stress impairs glucose uptake in muscle and fat [19, 20] and decreases insulin secretion from pancreatic β cells. Insulin resistance is also a major cause of oxidative stress that main lead to metabolic syndrome, diabetes, and cardiovascular disease [15] [16] [17] .
The primary aim of the current study was to determine the relationship between body fat percentage and imbalance of oxidant/antioxidant defense (Pro-oxidant-antioxidant balance [PAB] and superoxide dismutase [SOD1]) and inflammation (hs-CRP). We also wanted to determine whether individuals with a high BF percentage, imbalance of oxidant/antioxidant defense and inflammation are more susceptible to metabolic syndrome and diabetes mellitus.
Methods
In this study, 9154 subjects, 3639 male, and 5515 female, without a CVD history, were recruited as a part of MASHAD study using a cluster randomized sampling approach in 2007-2008, as previously described. [18] The MASHAD study is a 10-years cohort study, which aims to investigate the impact of several genetic, nutritional, psychosocial, and environmental risk factors on the incidence of cardiovascular events among a total urban population living in NorthEastern Iran.
Data collection and measurements
For each subjects participating in the study, height (cm), weight (kg), body mass index (kg/m 2 ) and waist circumference were evaluated. SBP and DBP by sphygmomanometer twice on the left arm when the individuals remained seated at rest for 15 min [19] . Biochemical parameters, consisting total cholesterol (TC), highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglyceride (TG), C-reactive protein (CRP) and fasting blood glucose (FBG) were determined as described previously [20] . BF percentage was determined by using a calibrated instrument for bioelectric impedance analysis (BIA) based on standardized protocol using a RJ Systems BIA-101A and gender-specific equations. A high BF percentage is defined >25% in men and > 30% in women, according to gender [6] .
Serum prooxidant/antioxidant balance measurement
The serum PAB assay estimates the balance of oxidants and antioxidants simultaneously in a single test. The level of PAB was measured in serum samples using a modified PAB assay as previously described. [21] . In summary, the standard solutions were provided by mixing varying portions (0-100%) of 250-μM hydrogen peroxide (H 2 O 2 ) with 3 mM uric acid (in 10 mM NaOH). Sixty milligrams of TMB powder was dissolved in 10 mL DMSO. In order to provide 3,3 0 ,5,5 0 -Tetramethylbenzidine (TMB) cation, 400 μL of the TMB/DMSO was added to 20 mL of acetate buffer (0.05 M buffer, pH 4.5). Then, 70 μL of fresh chloramine T (100 mM) solution was added to this 20 mL. This was mixed and incubated for 2 h at room temperature in the dark. Next, 25 U of peroxidase enzyme solution was added to 20 mL of TMB cation solution, distributed in 1 mL and stored at −20 C. To prepare the TMB solution, 200 μL of TMB/DMSO was added to 10 mL of acetate buffer (0.05 M buffer, pH 5.8) and the working solution was made by mixing 1 mL TMB cation with 10 mL of TMB solution. This was also incubated for 2 min at room temperature in the dark and immediately used. Ten microliters (10 μL) of each sample, standard or blank (distilled water) were mixed with 200 μL of working solution in every well of a 96 well plate, after which incubated in a dark place at 37 C for 12 min. When the incubation was finished, 100 μL of 2 N hydrochloric acid (HCL) was added to each well, and the optical density (OD) was measured in an ELISA reader at 450 nm with a reference wavelength of 620 or 570 nm. A standard curve was drawn from the values relative to the standard samples. The serum PAB values are expressed in arbitrary HK unit, which is the percentage of hydrogen peroxide in the standard solution. The values of the unknown samples were then computed based on the values obtained from the above standard curve [21] . Each serum and control sample (20 μl/well) was added in duplicate wells. Immediately before measurement, pyrogallol stock solution (0.02 M) was diluted 1:100 with equilibrated assay buffer and added to the wells (180 μl/well) using a multichannel pipettor. The reactions were read in a plate reader at 405 nm in 5-min intervals during 1 h. The blocking of pyrogallol oxidation was graphically characterized for every dilution of SOD1. A level of SOD1 that inhibited the oxidation of pyrogallol by 50% (relative to the control) was defined as a unit of SOD1 activity under the conditions described.
Serum superoxide dismutase assay

Statistical analysis
SPSS version 18(SPSS Inc. Chicago, IL) was applied for all statistical analyses. The normality of the data was manifested using the Kolmogorov-Smirnov test. Descriptive statistics consisting mean, frequency, and standard deviation (SD) were determined for all variables and said as mean AE SD for variables with normally distribution or median AE IQR for not normally distributed parameters. Partial correlation and linear regression were used to investigate the relation between BF percentage, serum PAB, SOD1, and hs-CRP and metabolic syndrome and each other. Logistic regression analysis was used to appear the association of BF percentage, PAL, PAB, and SOD1 with metabolic syndrome and diabetes in high body FAT subjects. For drawing figures, we used GraphPad Prism 6.
Results
Prevalence of metabolic syndrome and diabetes according to BF percentage
Of the 9154 subjects, 6748 (73.7%) had a high BF percentage, 1632 (44.8%), and 5116 (92.8%) were male and female, respectively ( Table 1 ). The prevalence of metabolic syndrome was 17.9% and 42.8% in the individuals with normal and high BF percentage, respectively. In the latter sub-group, it was present in 43.2% in women and 41.6% in men (Fig. 1) . The prevalence of diabetes mellitus in the total population with high BF percentage was 15.9%; 15.2% and 18.1% in women and men, respectively (Fig. 1 ). There were significant differences between normal and high BF percentage in the prevalence of metabolic syndrome and diabetes mellitus.
General characteristic of subjects
Demographic and biochemical characteristic of subjects according to BF percentage are presented in Table 1 . Mean age in the normal and high BF percentage subjects were 46.36 AE 8.28 and 48.8 AE 8.49 years, respectively (Table 1 ). In addition, there were no significant differences between two groups (P > 0.05). And there were not significant differences between two groups (P > 0.05). Among subjects who had high BF percentage, 19.1% were current smoker, 8.5% were former smoker and 72.4% were no smoker, and there were significant differences between smoking status and BF percentage (Table 1) (P < 0.05). In the high Body fat percentage subjects, BMI, waist circumference, SBP, DBP, glucose, total cholesterol and LDL, HDL, and TG were higher than normal BF percentage subjects (Table 1) (P < 0.05). The prevalence of metabolic syndrome and diabetes is shown in Fig. 1 . The prevalence of metabolic syndrome in women with a high body fat was higher than for men (P < 0.005). Although, the prevalence of diabetes mellitus in men with high body fat was higher than for women but this was not significant (P > 0.05).
3.3. Anti-oxidant status and hs-CRP in subjects according to BF percentage, metabolic syndrome, and diabetes
We found that serum hs-CRP was significantly higher in the group with elevated BF percentage (P < 0.05) ( Table 2) . Serum PAB was significantly higher in the high BF percentage subjects (P < 0.05); although the mean SOD1 (superoxide dismutase) was higher in the high BF percentage subjects, this was not significant between two groups (P > 0.05) (Table2).
The BF percentage, hs-CRP, PAB, and SOD1 were assessed according to the presence of metabolic syndrome and diabetes mellitus and are shown in Table 3 . BF percentage, serum PAB, and serum hs-CRP were significantly higher in individuals with metabolic syndrome compared to those without (P < 0.05), but serum SOD1 was significantly lower in metabolic syndrome subjects (P < 0.005). Serum PAB, hs-CRP, and BF percentage were significantly higher in diabetic subjects (Table 3) . 
Association between BF percentage, PAB, SOD1, hs-CRP, and metabolic syndrome components and diabetes
We also sought to assess the association between BF percentage, serum PAB, SOD1, and hs-CRP as continuous variables and components of metabolic syndrome and diabetes. After controlling for age, sex, smoking, and BF percentage was positively correlated with fasting glucose, triglyceride, waist circumference and blood pressure and negative correlation with serum HDL. PAB was positively correlated with fasting glucose, and serum triglyceride, and negative correlated with serum HDL. Serum SOD1 was positive correlated with serum HDL and negative correlation with fasted serum triglycerides. Serum Hs-CRP was positively correlated with fasting glucose and waist circumference. Using univariate and multivariate analysis, we showed that there was an association between serum PAB, hs-CRP, and BF percentage.
Risk of metabolic syndrome and diabetes associated with antioxidant defense and hs-CRP in subjects with high BF percentage
Lastly, we determined the risk of metabolic syndrome and diabetes mellitus that were associated with measures of antioxidant defense and hs-CRP in subjects with high BF percentage. Table 4 shows the unadjusted and adjusting odds ratio of the association between serums PAB, SOD1 and hs-CRP with metabolic syndrome. Before adjusting for age, sex and smoking habit, the odds ratio for quartile 4 of PAB (> 94) was 1.17 (95% CI, 1.037-1.32), quartile 4 of SOD1 (0.56) was 0.829 (95% CI, 0.727-0.946), quartile 4 of hs-CRP (< 3.525) was 1.429 (95% CI, 1.286-1.587). After adjustment for age, sex, smoking and each other's, the results confirmed except for serum PAB. Table 4 shows the unadjusted and adjusted odds ratio of the association between PAB, SOD1, and hs-CRP with diabetes mellitus. Before adjustment the odds ratio for quartile four of PAB (> 94) was 1.313(95% CI, 1.123-1.535), quartile four of SOD1 (0.56) was 1.086(95% CI, 0.913-1.293), quartile four of hs-CRP (< 3.525) was 1.8(95% CI, 1.576-2.056). After adjustment for age, sex, smoking, and both, the results were similar.
Our data suggest an association between serum hs-CRP, PAB and SOD1 with the presence of metabolic syndrome, but after adjustment for other factors using multivariate analysis, only serum hs-CRP and SOD1 remained as independent risk factors for metabolic syndrome in subjects with high BF% (Table 4) . Our data also showed that serum PAB and hs-CRP (before and after adjustment for sex, age and smoking) were independent predictive risk factors for diabetes mellitus in subjects with high BF percentage. (Table 4 ).
Discussion
Our goal in using body fat percentage was as a more accurate assessment of obesity relative to the BMI. Previous studies have shown that people, who are classified as obese based on BMI, do not necessarily represent individuals with metabolic syndrome.
As shown in this study, most of the subjects with metabolic syndrome or diabetes mellitus had a high body fat percentage, and therefore measuring body fat percentage may be a more appropriate parameter than BMI. Serum PAB was significantly higher in subjects with a high BF percentage. Serum PAB concentrations were higher in individuals with metabolic syndrome and diabetes. Serum SOD1 activity was significantly lower in subjects with metabolic syndrome, but not significantly different in individuals with a high BF percentage and those with diabetes mellitus. Obesity, especially visceral, and subcutaneous adiposity, is a health problem that causes the development of metabolic syndrome and causes incidence of other diseases, such as diabetes mellitus, dyslipidemia, hypertension, atherosclerosis, and cancer. Dysregulation of adipokine secretion from adipose tissue cause proinflammatory state and insulin resistance. SAT (subcutaneous adipose tissue)-secreted adipokines and plasma adipokine including CRP, PAI-1, IL-1, IL-6, IL-8, leptin, and MCP-1 may contribute to increased insulin resistance and low-grade inflammation, and promote risk of T2DM and CVD [22] . There are many mechanisms that may link obesity to the chronic diseases mentioned above, with oxidative stress being one of the most plausible [23] . One of the main reasons for ROS generation is the issue of oxidation of excess glucose and free fatty acids in the cells [24] , particularly in adipocytes. It is shown that 3 T3-L1 adipocytes increase ROS production by the release of free fatty acids. Oxidative stress levels have been shown to increase in adipose tissue of obese mice but not in skeletal muscle or liver. This indicates that adipocytes are a major source of ROS and can cause obesity-related insulin resistance and type 2 diabetes. Moreover, treatment of obese mice with antioxidants has been shown to prevent the development of diabetes [13] . Mirhafez et al. have shown that diabetes mellitus is associated with an altered PAB, which may impair endothelial function, and cause atherosclerosis, insulin resistance, and functional impairment of pancreatic beta cells [25] . Ceriello et al. suggested that oxidative stress is a common pathogenic mechanism linked insulin resistance to dysfunction of pancreatic beta-cells and venous endothelial cells and develop diabetes and cardiovascular diseases; some cardiovascular drugs with intracellular antioxidant activity also prevents diabetes [16] . The natural antioxidant systems that reduce oxidative stress comprise several exogenous components, which may be obtained from foods, endogenous components, and antioxidant enzymes. The most important antioxidant enzymes involved in oxidative stress reduction are SOD, glutathione peroxidase (GPx), and catalase (CAT). Furukawa et al. showed that the level of activity and expression of SOD, GPx, and CAT enzymes in the adipose tissue of KKAy obese and diabetic mouse model was significantly less than C57BL/6 mice (control group). However, they did not find any changes in the activity and expression of these enzymes in the skeletal muscles and liver [13] . Our results of logistic regression show that higher serum SOD1 enzyme activity is associated with a lower prevalence of metabolic syndrome. As our study was cross sectional, prospective study must design to confirm this finding. This result is consistent with other studies that examine the effect of antioxidant agents or controlled dietary treatment on improving oxidative stress and antioxidant enzymes [26] [27] [28] .
Serum hs-CRP was significantly higher in subjects with high BF percentage, and concentrations of serum hs-CRP were higher in individuals with metabolic syndrome and diabetes. Hs-CRP is a metameric protein released from the liver in response to the released factors from macrophages and adipocytes [29] [30] [31] . The metabolic syndrome has been shown to be associated with a pro-inflammatory state that is characterized by increasing hs-CRP level. It has also been shown that inflammation may induce insulin resistance and oxidative stress, leading to manifestations of metabolic syndrome [32] and some studies suggest that an elevated expression and activity of TLR2/TLR4 in monocytes of individuals with metabolic syndrome may contribute to an increase risk of CVD [33] . Several studies consider metabolic syndrome as a predictor of cardiovascular disease and diabetes [34] [35] [36] [37] .
Another aspect of the studies is the relationship between energy balance and diet with inflammation. Bawadi et al. showed that the positive energy balance is associated with waist circumference and truncal fat percentage as well as hs-CRP and HbA1c in diabetic patients. They showed that serum hs-CRP may increase dependent on the amount of energy derived from proteins and fat diets and does not have a significant relationship with carbohydrates [38] . In turn, Chae et al. showed that long-term mild weight loss can reduce serum levels of interleukin-1β, interleukin-6. It also reduces insulin, TG, free fatty acids, TC, LDL cholesterol, and leukocytes [39] .
Measuring body fat percentage may be more appropriate than BMI to predict metabolic status in individuals. We show a positive association between percentage of BF and PAB oxidative stress and inflammatory conditions are two factors in people with a high percentage of BF that may lead to metabolic syndrome, diabetes, and cardiovascular disease.
